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Iatrogenic injuries of the common femoral artery
(CFA) and external iliac artery (EIA) during
endograft placement: An underdiagnosed entity
Anil P. Hingorani, MD, Enrico Ascher, MD, Natalie Marks, MD, RVT, Alexander Shiferson, DO,
Nirav Patel, DO, Kapil Gopal, MD, and Theresa Jacob, PhD, Brooklyn, NY
Objective: Early limb occlusions following endovascular treatment of aorto-iliac aneurysmal disease is not uncommon
(4%-13%). To assess whether the femoral artery entry site could potentially cause this complication, we prospectively
evaluated the ipsilateral common femoral artery (CFA) and distal external iliac artery (EIA) with intraoperative duplex
scans (IDS).
Methods: There were 134 patients with infrarenal nonruptured abdominal aorto-iliac aneurysms treated with endografts
since 2002 at our institution. Age ranged from 65 to 89 years (mean: 77 7 years). Aneuryx (n  41), Zenith (n  50),
and Excluder (n  43) endografts were used for repair. All procedures were performed via open exposure of the CFA.
Introducer diameter varied from 12 mm to 22 mm. All patients underwent IDS of the CFA and distal EIA after repair
of the arteriotomies.
Results: In 34 patients (25%), we documented intimal dissections causing severe (>70%) stenoses. Of the 271 arteries that
were examined, 38 (14%) had abnormal findings that demanded intervention. These were repaired with flap excision,
tacking sutures revision, or patch angioplasty (n  36). Repeat IDS confirmed the adequacy of the repair. No statistical
difference was noted if the site of larger introducer sheath and the incidence of flap formation. In addition, 10 small flaps
or plaques were visualized but did not create significant stenosis. No differences were noted in the incidence of positive
duplex exams between each type graft (P  .4). No early or late iliac limb occlusions were noted. Follow-up of 94% was
obtained.
Conclusions: Completion arterial duplex scans are helpful in detecting a substantial number of clinically unsuspected
technical defects caused by introducer sheaths. Timely diagnosis and repair of these defects may decrease the incidence of
early limb occlusion following endograft placement. (J Vasc Surg 2009;50:505-9.)Open common femoral artery exposure remains the
gold standard for the introduction of large bore sheaths for
access to perform endovascular repair treatment of aorto-
iliac aneurysmal disease. Early limb occlusions following
endograft placement is one of the most common compli-
cations of this procedure and reported in 4% to 13% of cases
in the literature.1-6 The etiology of this complication is
presumed to be one of the following reasons: limb
kinking, graft displacement, limited outflow, unsupported
endografts, hypercoagulable state, iliac arteries tortuosity,
or small size etc.1-6 Completion arteriograms routinely
performed after device deployment could detect the major-
ity of anatomical defects that could be treated intraopera-
tively. However, completion arteriograms do not include
imaging of the common femoral arteries (CFA). One of the
potential reasons to cause an outflow obstruction and sub-
sequent limb thrombosis could be flap or dissection of the
access artery due to damage by the endograft delivery
system. To assess whether the intraluminal defects of the
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prospectively evaluated bilateral CFA and distal external
iliac artery (EIA) with intraoperative duplex scans (IDS).
METHODS
Patients. One hundred thirty-four consecutive pa-
tients (82% males) with nonruptured abdominal aorticiliac
aneurysms were treated with endografts since 2002 at our
institution. Patients’ age ranged from 55 to 90 years (mean:
77  8 years). Only two conduits were used in this series.
No completion duplex was used in these two accesses.
Surgical technique. All procedures were performed
via open exposure of the CFA. Introducer sheaths diameter
varied from 12 Fr to 22 Fr. After puncture of the artery in
the softest palpable portion of the vessel with an 18 G
stainless steel arterial entry needle, a metal J-wire was
placed. Simple dilation was used for placement of the
sheath. There were three types of endografts used in this
series. Forty-one patients (31%) were treated with AneuRx
devices (Medtronic, Minneapolis, Minn), 50 (37%) with
Zenith (Cook, Bloomington, Ind), and the remaining 43
(32%) with Excluder (Gore, Flagstaff, Ariz). Primary repair
with transverse interrupted 6-0 prolene sutures was used to
close the artery, and patch repair with a Dacron patch was
used if completion duplex revealed a significant defect.
Intraoperative duplex scans. All patients underwent
IDS of bilateral CFA and distal EIA after repair of the
arteriotomies. Care was taken to include site of the primary
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and any clamp sites. An ATL HDI 5000 scanner with a
SonoCT feature (Phillips, Bothell, Wash) operated by a
registered vascular technologist was used in all cases. An
intraoperative CL10-5 MHz or CL 15-7 MHz “hockey
stick” transducer inserted in a sterile latex cover filled with
acoustic gel was used by the vascular surgeon to insonate
the arterial access site from the distal EIA to CFA bifurca-
tion. Our protocol included B-mode imaging of these
arterial segments in sagittal and transverse planes, color
flow imaging, power Doppler, and spectral waveform anal-
ysis. Peak systolic velocities (PSV) obtained in the visual-
ized arteries were compared to the contralateral site and
ratio over 2:1 in the absence of significant local stenosis
raised suspicion of proximal obstruction on the side with
lower PSV. A biplanar arteriogram was performed in these
two cases. Indications for CFA exploration based on B-
mode abnormalities were mobile flaps 3.5 mm causing a
localized PSV ratio  2. IDS (for both groins) duration
ranged from 7 to 15 minutes (mean: 11  3 min).
Postoperative follow-up duplex scan. All patients
had follow-up duplex scans performed two to four weeks
after surgery and every six months thereafter. Duplex scan
protocol included assessment of the endograft as well as
ilio-femoral arterial segment. In patients with adjunctive
bypasses, scans of the bypasses were also performed. In this
series, there were seven femoral-femoral bypasses and three
femoral to internal iliac bypasses.
RESULTS
In 34 patients (25%), we documented intimal dissec-
tions causing severe stenoses (70%) stenoses (Figs 1-5).
Of the 271 arteries that were examined (268 CFA and EIA
and three internal iliac arteries), 38 (14%) had abnormal
findings that demanded intervention. These were repaired
with flap excision, tacking sutures revision or patch angio-
plasty (n  36) at the site of device insertion. After patch
angioplasty, repeat completion duplex revealed no signifi-
cant lesions. Two low peak systolic velocities were cor-
rected with stenting of missed lesions in the iliac arteries
(Fig 6). Repeat IDS confirmed the adequacy of the repair.
Fig 1. Normal common femoral artery.No statistical difference was noted between the site of largerintroducer sheath or size of the sheath placed and the
incidence of flap formation. No relation could be found
with age (P  .5) or gender (P  .87) distribution. No
Fig 2. Common femoral artery with posterior plaque and intralu-
minal flap creating severe stenosis.
Fig 3. Cross-section duplex imaging showing significant diame-
ter reduction in the same common femoral artery (CFA).
Fig 4. Elevated peak systolic velocities, waveform, and duplex
images illustrating hemodynamically significant posterior plaque in
common femoral artery of a patient undergoing endovascular
aneurysm repair (EVAR).differences were noted in the incidence of positive duplex
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small flaps or plaques were visualized but did not create
significant stenosis. No early or late iliac limb occlusions
were noted. Ninety-four percent follow-up was obtained.
Follow-up ranged from 0 to 72 months (mean: 24  6
months). No further areas of significant restenosis were
noted on follow-up duplex in the patched or non-patched
arteries.
DISCUSSION
Since the introduction of endovascular aneurysm repair
(EVAR) in 1991, open femoral artery exposure has re-
mained the preferred method of obtaining access for intro-
duction of large bore sheaths and deployment of en-
dografts.6 While completion angiograms of the aorta and
iliac arteries provide information regarding technical de-
fects that can be addressed at the time of the procedure,
they do not adequately study the access vessel, the com-
mon femoral or distal external iliac artery. Woody and
Makaroun, in their review, noted that completion single
plane arteriograms have the potential to miss a multitude of
technical defects, whereas biplanar arteriogram or intravas-
Fig 5. Contralateral limb without proximal obstruction.
Fig 6. Peak systolic velocities and waveforms in common femoral
artery (CFA) suggesting proximal obstruction after endovascular
aneurysm repair (EVAR).cular ultrasound (IVUS) give much greater detail of en-dograft and limb anatomy and may identify unappreciated
limb problem.7 Amseur et al utilized IVUS routinely after
graft deployment in their series and were able to pre-
emptively treated graft infolding with additional stent
placement that was not evident on arteriograms.8
Similarly, when the access artery is closed, there could
be potential vessel injury that has not been addressed that
could potentially lead to early limb occlusion after the
endograft depoloyment. While some of these defects may
have remodeled well, some may have resulted in a limb
occlusion. Indeed in our experience, we found a surpris-
ingly high incidence (14%) of clinically undetectable in-
traluminal flaps that were revealed when performing an
intraoperative completion arterial duplex scan of the access
vessels after what was felt to be a straightforward closure of
the access vessel after EVAR. Intraoperative completion
arterial duplex after various procedures such as carotid
endarterectomy, infrainguinal bypass, or balloon angio-
plasty has been used to identify and repair technical defects
and/or residual disease to improve clinical outcome and
patency of these procedures.9-11 In the present study, we
found undetectable intraluminal flaps, with many of them
being hemodynamically significant and creating obstruc-
tion to the outflow from the isiplateral graft limb. All these
defects were created by the plaque dissection with intro-
ducer sheaths. Although all of these patients had contrast
arteriograms routinely performed after endograft deploy-
ment, none of these flaps were detected since they were
covered by the introducer sheaths at the time of this stan-
dard completion study. Another advantage of IDS is the
ability for hemodynamic data collection. Significant differ-
ence in PSV (ratio of 2) and spectral waveform (biphasic
or monophasic) as compared with the contralateral site
raises high suspicion of significant proximal obstruction
such as limb kinking or stenosis. This was the case in two of
our patients who had a severe limb stenosis missed on
uniplanar completion arteriogram.
Cochennec et al, in a recent retrospective review, stud-
ied the clinical patterns, outcomes, and predictive factors of
graft limb occlusion.6 Over a 10 year period, 33 patients
had 36 occluded limbs after 460 patients with abdominal
aortic aneurysm were treated with EVAR with a variety of
stent grafts. The data showed that graft kinking was the
predominant risk factor for graft limb occlusion. Poor
outflow, defined as 70% stenosis of the iliac or common
femoral artery, was also found to be a predictive factor for
graft limb occlusion. Of seven patients found to have poor
outflow, five patients (71.4%) had limb thrombosis as com-
pared with 31 of 822 limbs (3.8%) without poor outflow.6
Arterial dissection and compromised runoff that is pre-
existing or created at the time of graft implantation are
known causes of graft occlusion.7 Given the data presented
here, it is possible that the seven limbs with poor outflow
may have had undetected intimal flaps from the introducer
sheath that progressed to limb occlusion.
Limb occlusions after EVAR can present from symp-
toms ranging from no symptoms to acute limb ischemia.
These limbs are treated with endovascular thrombolysis
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mies, extra-anatomic bypasses (femoral-femoral bypass,
axillary-femoral bypass) or simple observation based on
their clinical presentation.1,4,6,7,12-14 Various series have
reported 27% to 33% of patients requiring secondary inter-
ventions after EVAR followed over an 18 months to three
year period.7,14. The need for high rate of secondary inter-
vention would seem to detract from a procedure whose
advantages are lower morbidity and mortality, shorter hos-
pital stay and recovery time, less pain, and decreased blood
loss.6,7 This rate is probably lower now with the use of
newer generation of endografts and greater skill level
among practitioners in deployment accuracy and earlier
identification of technical problems.15 Thus, this would
make undetected access vessel injuries a more significant
reason for post-implantation graft limb occlusion. Detailed
studies and aggressive approach to identifying graft limb
compromise is of paramount importance for prevention.
While during this series, we had a registered vascular
technologist perform this exam. We actually no longer use
the registered vascular technologist. We perform the scan
ourselves as we have become comfortable with performing
the scan.
The use of suture mediated closure devices has allowed
for a totally percutaneous aneurysm repair.16 The early
results suggest this technique allows for significantly less
groin complication rates with rare incidence of femoral
thrombosis, although the majority of data on this tech-
nique are single institution series.17-21 Some authors have
found that the addition of using intraoperative duplex to
gain access for this technique significantly reduces access
site related complications as compared with standard per-
cutaneous access.17 As experience increases with this tech-
nique, undetected intimal flaps and hemodynamically sig-
nificant lesions may become an increasingly significant
cause of graft limb occlusion. The knowledge and availabil-
ity of duplex machines intraoperatively gives vascular spe-
cialists another imaging modality to aggressively detect and
reduce potential complications of endograft repair of aorto-
iliac aneurysmal disease with minimal increase in operative
time (mean: 11 minutes). The authors were pleased to note
that none of the endografts in this series underwent early
limb occlusion. The authors recommend intraoperative
diagnosis and repair of the entry site defects may increase
early and potentially late limbs patency following endograft
placement.
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Dr. Mark Farber (Chapel Hill, NC). Dr. Hingorani and his
colleagues hypothesize that completion angiography during endo-
vascular aneurysm repair (EVAR) is inadequate in detecting distal
external iliac and common femoral artery complications from
EVAR. In an effort to determine the true incidence of this com-
plication they incorporated intra-operative duplex to interrogate
access artery complications after successful EVAR. Since 2002,
they examined 134 patients who underwent EVAR with duplex
ultrasound at the completion of the procedure. Additional biplanar
imaging was performed in patients whose peak systolic velocities
(PSV) was half that of the contra-lateral artery to determine if iliac
artery pathology existed. Additionally common femoral artery
(CFA) exploration was undertaken when mobile flaps of greater
than 3.5 mm were detected. Rigorous duplex follow-up was also
performed in the postoperative period.
The authors report that they identified iliac artery complica-
tions in 33% of this entire cohort. Among this group, dissections
causing severe stenosis of greater than 80% accounted for 77% of
these lesions requiring intervention while the remaining 23% were
not felt to be hemodynamically significant. Several techniques were
employed to repair these injuries including flap excision, tacking
sutures, revision, or patch angioplasty. Surprisingly, the authors
did not report the use of stents to resolve the inflow issues. The
adequacy of repair was confirmed with repeat completion duplex.
Although the duration of follow-up was omitted in the manu-
script, the authors report no limb complications associated with
this approach during the postoperative period.
Statistical analysis did not demonstrate any associated of inju-
ries with device type, insertion site location, age, or gender. It has
been previously reported that access artery diameter is an impor-
tant determinate in identifying patients developing access artery
complication. There was no mention in the analysis section how-
ever of CFA or iliac artery diameter or the evaluation of pre-
existing disease.
The authors also state that completion angiogram did not
reveal any defects because the introducer sheath hindered adequate
evaluation. In our experience, routine use of 8 Fr sheaths with
floppy wires during completion angiogram accurate detects iliac
artery complications. Careful inspection of the common femoral
artery with particular attention to any posterior wall plaque prior to
repair has essentially eliminated undiagnosed insertion site compli-
cations.
I have several questions for the authors:
1. Could the authors please define their criteria for determining
the degree of stenosis of greater than 80%?
2. We routinely perform postoperative duplex evaluation of our
patients including inflow assessment with acceleration times.
Iliac limb and CFA complications including those repaired atthe time of the procedure do not approach the 25% reported,
nor is it consistent with that reported in the literature. Do the
authors have an explanation as to why their incidence of injury
is higher than reported by others? In addition, were there any
additional injuries detected by angiography prior to ultrasound
that were repaired not included in this analysis, thereby increas-
ing the overall incidence of injury?
3. When you detected a possible inflow lesion by duplex, were any
stents placed in the iliac artery to resolve these lesions either in
the graft or native arteries or were all of the lesions corrected
with local surgical techniques?
4. In the manuscript, there was no mention of vessel diameters or
preoperative evaluation of pre-existing lesions. Could the au-
thors please comment on whether these data are available and as
to whether they feel they may be beneficial in determining
which patients experience complications and their impact on
their conclusions?
I would like to thank the society for the privilege of discussing
this manuscript and the floor.
Dr. Anil Hingorani. Thank you very much, Dr. Farber, for
those insightful questions and I will take them in reverse order. The
diameter we thought actually would correlate with which side the
larger sheath would be placed and we found that did not correlate
at all with what side the larger sheath was being placed probably
because we were trying to place the larger sheath on the side that
we thought, based on CAT scan, would have a larger artery.
Nonetheless, even with the smaller sheath, if you place this in a
smaller artery, you can still end up with a problem, so I am not
certain that the diameter reduction or the diameter criteria are
actually what is going on. I think that it is the relationship between
the diameter and the sheath that you are placing in as much. I am
not sure that assessing the diameter in as much as the data we have
thus far suggests that it is not questionably native disease or the
diameter, but rather the damage that the sheath does to the artery.
In terms of defining our hemodynamic significant, usually we have
a volume flow of less than 100cc, but the ratio is 2.5 lesion in the
distal artery, we become quite concerned that there is a hemody-
namic problem.We did have stents placed in after two patients who
had iliac artery lesions that were detected by completion duplex, so
yes, we did place stents. Twenty-five percent of the cases were
changed by duplex imaging, 13% of the arteries had some type of
intervention based on the completion duplex, which is actually
consistent with the 2007 data from the European Journal of
Surgery from France and Moldenato’s series where 13% of the
patients had problems with late limb complications after EVAR
fromNYU in 2004 in the Journal of Vascular Surgery. So, while we
may have different terminology, our results in terms of the number
of arteries that actually filmed are actually similar.
